Antibody neutralization of SARS-CoV-2 through ACE2 receptor mimicry
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Supplementary Fig. 1 Measurement of Kp by SPR. (a) Binding curves of
immobilized neutralizing antibody (P2B-2F6, P2C-1A3 and P2C-1F11) to the
SARS-CoV-2 RBD. Data are presented by colored lines and the best fit of the data to
a 1:1 binding model are shown in black. (b) Summary of the binding kinetics between
SARS-CoV-2 RBD and the neutralizing antibodies measured in three independent
experiments.
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Supplementary Fig. 2 Binding of recombinant ACE2 and the nAbs to HEK 293T
cell surface expressed wild-type or 16 single alanine mutated S of SARS-CoV-2.
For each panel, X-axis means ACE2 or tested antibody binding-PE/APC and Y-axis
means SSC. The percentage of positive cells are highlighted in the gate. S2 is a
positive control antibody used for S expression normalization while ZK2B10 is
negative control antibody specific for DI of Zika virus glycoprotein. Mock
transfected cells (NC) were used as the background control. The panel shows one
representative experiment from data shown in Fig. 3a-d.
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Supplementary Fig. 3 Binding kinetics of P2C-1F11 to wild-type or mutant
SARS-CoV-2 RBD measured by SPR. P2C-1F11 was immobilized on the CMS5
sensor and wild type or mutant SARS-CoV-2 RBD was flowed through the system in
serial concentrations. Colored lines indicate the experimentally derived curves. Black
lines represent best fitted curves based on the experimental data. The calculated KD
and fold changes for P2C-1F11 binding to each mutant RBD relative to those of
wild-type are indicated.
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Supplementary Fig. 4 Comparing epitope residues of P2C-1F11, P2C-1A3 and
P2B-2F6 along the SARS-CoV-2 and SARS-CoV RBD alignments. Epitope
residues of P2C-1F11, P2C-1A3 and P2B-2F6 are indicated by red, blue and black
circles, respectively. Blue boxes highlight conserved residues between the two RBD
sequences. Red residues are those located within the receptor binding motif (RBM).
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Supplementary Fig. 5 Dynamics of S1, S2, S1/S2 ratios on the cell surface measured
by flow cytometry at 37°C with co-transfection of the plasmid encoding Furin
protease, (left) or with a mutated S containing GSAS substitution at S1/S2 cleavage
motif (right). An anti-S2 antibody were added at the end of incubation with the testing
antibodies and detected simultaneously. The panel shows one representative
experiment from data shown in Fig. 4a-f.
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Supplementary Fig. 6 Shedding of S1 over time measured by flow cytometry (a, e)
at 37°C, (b, f) at 4°C, (¢, g) at 37°C with co-transfection of the plasmid encoding
Furin protease, or (d, h) at 37°C with a mutated S containing GSAS substitution at
S1/S2 cleavage motif. For each panel of fluorescence, X-axis means ACE2 or tested
antibody binding-PE or -FITC and Y-axis means SSC. Data shown were
representative of at least two independent experiments.

8



P2C-1A3 P2C-1F11 ACE2

down RBD

down RBD down RBD

P2C-1A3 P2C-1F11 ACE2

down RBD

P2C-1F11

up RBD

Supplementary Fig. 7 Antibody and ACE2 binding models to different RBD
conformations in the context of trimeric Spike. The SARS-CoV-2 S trimer is
shown in grey with one RBD in “up” (cyan) and two RBDs in “down” (pink and hot
pink) conformations (PDB ID: 6VSB). (a,b) RBD-P2B-2F6 Fab and RBD-P2C-1A3
Fab can align with the “down” conformation whereas RBD-P2C-1F11 Fab and
RBD-ACE2 cannot due to heavy spatial clash with the S trimer. (¢) All RBD-P2B-2F6
Fab, RBD-P2C-1A3 Fab, RBD-P2C-1F11 Fab, and RBD-ACE2 align to the “up”
RBD conformation. The P2B-2F6 Fab, P2C-1A3 Fab, P2C-1F11 Fab and ACE2 are
colored in yellow, blue, magenta and green, respectively.
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Supplementary Fig. 8 Gating strategy used for cell-surface staining analysis.
Upper gating strategy were used in the experiment to study the impact of single
Alanine mutated S on the antibody binding activity (Figure 3a-d, Supplementary Fig.
2). HEK 293T cells transfected with plasmids encoding S or mutated S were
incubated with ACE2 or antibodies, and stained with anti-his PE, anti-human IgG Fc
PE or anti-mouse IgG FITC. Lower Gating strategy were used in the experiment to
analyze the shedding process (Figure 4a-f, supplementary Fig. 5). HEK 293T cells
transfected with plasmids encoding wild typed S or GSAS-S were incubated with
tested antibodies, and stained with anti-human IgG Fc PE and anti-mouse IgG Fc APC
simultaneously.
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Supplementary Table 1. Data collection and refinement statistics.

Data collection

SARS-CoV-2 RBD-P2C-1F11
complex

SARS-CoV-2 RBD-P2C-1A3
complex

Wavelength (A)

0.97918

0.97918

Resolution range (A)

34.29-2.96 (3.04-2.96) *

50.00-3.40 (3.48-3.40) *

Space group

2

P6,22

Unit cell dimensions

a, b, c (A) 194.88, 85.39, 58.51 89.411, 89.411, 437.923
a, By (9 90, 100.29, 90 90, 90, 120
Unique reflections 19785 (1951) 15108 (1332)
Completeness (%) 99.68 (99.90) 99.74 (89.69)
Mean I/sigma (T) 10.1(1.8) 8.8(1.2)
Redundancy 6.8 (6.9) 8.7(7.9)
Rinerge (%) 15.5(99.7) 11.8 (93.3)
Riim (%) 9.7 (62.4) 8.4 (45.7)
CC1/2 0.994 (0.752) 0.990 (0.796)
Wilson B-factor (A2) 61.70 105.13
Structure refinement
Resolution (A) 29.03-2.96 20.14-3.40
Rork Reee (%0) 20.2/25.3 23.5/28.3
No. atoms
Protein 4697 4763
Ligands 14 14
Protein residues 616 621
B-factors (A2)
Protein 60.95 125.59
Ligands 99.03 132.45
RMSD
Bonds length (A) 0.008 0.009
Bonds angles (°) 1.02 1.09
Ramachandran plot
Favored (%) 95.21 91.99
Allowed (%) 4.63 8.01
Outliers (%) 0.17 0.00

*One crystal was used for the data.

*Values in the parentheses are for high-resolution shell.
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Supplementary Table 2. Contacts between SARS-CoV-2 RBD and P2C-1F11 or
P2C-1A3 (distance cutoff 4A).

P2C-1F11 P2C-1A3 P2B-2F6
RBD Heavy chain RBD Light chain RBD Heavy chain RBD Light chain RBD Heavy chain RBD Light chain
T415 556, Y58 R403 AEE] vaas D73 T478 528, Y30, NSO R346 H54 V483 | G31, Y32. N33
G416 Y52, Y58 Y453 Y33 G446 R72, D73 N481 Q25,591 K444 531 E484 N33, Y34
K417 Y52 G502 528 Y449 $54, R72, D73, N74 vag3 591 Gad6 Y27 G485 N33
D420 Y52, 556 Y505 | 528,28, 530,Q91,Y92 | F456 H102 E484 $91, Y92 Gaa7y Y27,531
Y421 Y33, ¥52, 553, G54 E484 ¥33, Y50, T57 G485 NSO N44g s31
L455 ¥33,Vvi101 G485 F100 Fag6 Y30, L89 Y449 531, G102, 1103, Y27, Y33
F456 Y33, L99 F486 F100, 5101, L105 N487 Y30 N450 H54, 530, 531
R457 553 Y489 | Y33, F100, 5101, H102 L452 V105, 1103
K458 531,553, G54 F490 157 Edg4 R112
N4&0 G54 L492 556 F430 P107, V105
Y473 $31,553 Q493 $53, 554, H102 5494 1103
Q474 531 5494 §54, 556
A475 127, 728, N32, R97 Q488 D73, N74, A75
G476 T28 T500 A75
5477 T28
F436 R97, D105
N4g7 G26, 127, R97
Y489 R97, 99
Q493 Y102
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Supplementary Table 3. Primers used in this manuscript.

Name

Sequence (5'-3")

RBD-319F-BamHI-
B12

CTGCCTTTGCGGCGGATCCCAGAGTGCAGCCTACCGAG

RBD-529R-HindIlI-B
12

AGTACTTCTCGACAAGCTTCTAATGGTGATGGTGATGGTGCTTCTTAGGGC
CGCACAC

spike-F GGTACCGAGCTCGGATCCGGATCCACCACCATGTTCGTGTTCCTGGTG
spike-R CTGTGCTGGATATCTGCAGAATTCTCATTAGGTGTAGTGCAGCTTCACG
T415A-F GGCAGGCGGGCAAGATCGCCGACTAC
T415A-R TTGCCCGCCTGCCCTGGCGCGATCTG
D420A-F TCGCCGCGTACAATTACAAGCTGCCT
D420A-R TTGTACGCGGCGATCTTGCCGGTCTG
Y421A-F CCGACGCGAATTACAAGCTGCCTGAC
Y421A-R TAATTCGCGTCGGCGATCTTGCCGGT
Y453A-F ACCTGGCGAGACTGTTCAGAAAGAGC
Y453A-R AGTCTCGCCAGGTAATTGTAATTGCC
L455A-F ACAGAGCGTTCAGAAAGAGCAATCTG
L455A-R CTGAACGCTCTGTACAGGTAATTGTA
FA56A-F GACTGGCGAGAAAGAGCAATCTGAAG
F456A-R TTTCTCGCCAGTCTGTACAGGTAATT
R457A-F TGTTCGCGAAGAGCAATCTGAAGCCT
R457A-R CTCTTCGCGAACAGTCTGTACAGGTA
K458A-F TCAGAGCGAGCAATCTGAAGCCTTTC
K458A-R TTGCTCGCTCTGAACAGTCTGTACAG
N460A-F AGAGCGCGCTGAAGCCTTTCGAGAGA
N460A-R TTCAGCGCGCTCTTTCTGAACAGTCT
Y473A-F AGATCGCGCAGGCCGGCAGCACACCG
Y473A-R GCCTGCGCGATCTCGGTGCTGATGTC
S477A-F CCGGCGCGACACCGTGTAATGGCGTG
S477A-R GGTGTCGCGCCGGCCTGGTAGATCTC
F486A-F AGGGCGCGAATTGCTACTTCCCTCTG
F486A-R CAATTCGCGCCCTCCACGCCATTACA
N487A-F GCTTCGCGTGCTACTTCCCTCTGCAG
N487A-R TAGCACGCGAAGCCCTCCACGCCATT
Y489A-F ATTGCGCGTTCCCTCTGCAGAGCTAC
Y489A-R GGGAACGCGCAATTGAAGCCCTCCAC
Q493A-F CTCTGGCGAGCTACGGCTTCCAGCCT
Q493A-R TAGCTCGCCAGAGGGAAGTAGCAATT
Y505A-F TGGGCGCGCAGCCTTACAGAGTGGTG

Y505A-R

GGCTGCGCGCCCACGCCATTGGTAGG
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